To identify genes involved in the 
the bHLH family of transcription factors, Mesol. heterodimers are capable of binding to oligonucleotide probes that contain a bHLH DNA recognition motif. In mouse embryos, Mesol is expressed prior to MyoDI family members. Mesol expression is first detected at the neural plate stage of development in the paraxial mesoderm of the head and in presomitic mesodermal cells prior to their condensation into somites. Our findings suggest that Mesol may be a key regulatory gene involved in the early events of vertebrate mesoderm differentiation.
Proper differentiation of the mesoderm is a critical event in the establishment of the vertebrate body plan. In the mouse, mesodermal tissue forms from embryonic ectoderm cells that ingress through the "primitive streak." The first embryonic mesoderm to exit the streak forms head mesenchyme that underlies the prospective neural plate. The paraxial mesoderm of the trunk, which exits the streak at later times, undergoes overt segmentation to form epithelial somites located on both sides of the developing neural tube. In the course of maturation, each somite becomes subdivided into three morphologically distinct compartments, dermatome, myotome, and sclerotome, which subsequently differentiate to form the dermis, skeletal muscle, and axial skeletal elements, respectively. Recently, much has been learned about members of the MyoDI family of basic-helix-loop-helix (bHLH) transcription factors, myogenic regulatory genes that are expressed in the myotome of the maturing somite (1, 2) . Little is known, however, about the molecular determinants that regulate commitment of cells at earlier (presomitic) stages of paraxial mesoderm development. It seems likely that other events in the mesoderm patterning pathway also might be controlled by bHLH proteins.
Here, we have applied the general approach of interaction cloning (3) to the specific problem of identifying additional bHLH family members that might play a role in the development of the mammalian embryo. We used a bHLH domain encoded by E2A to screen for interacting proteins in mammalian cDNA expression libraries. Using this approach we have identified a number of previously undescribed members of the bHLH family of transcription factors. One of these, which we have designated Mesol, is expressed in the head mesenchyme and paraxial mesoderm of the early mouse embryo, suggesting that Mesol may play a role in the early differentiation of mammalian mesoderm.**
MATERIALS AND METHODS
Interaction Cloning. The carboxyl-terminal bHLH domain of shPan-1, N3-SH (4), was isolated by PCR with the oligonucleotide primers MAB72, 5 were constructed by replacing the wild-type sequence between unique Msc I and Stu I sites in N3-SH with double-stranded DNA oligonucleotide adaptors encoding the appropriate amino acid substitutions. Proteins were radiolabeled and cDNA libraries were screened by interaction cloning essentially as described (3). An -1-kb cDNA clone encoding Mesol was isolated originally by interaction cloning from a Agtll hamster insulinoma (HIT) cell cDNA library (4) and was used subsequently to isolate both hamster and mouse Mesol clones.
Electrophoretic mobility-shift assays were done essentially as described (3, 4) .
Chromosomal Mapping in the Mouse. Interspecific backcross progeny were generated by mating (C57BL/6J x Mus spretus)Fj females and C57BL/6J males; a total of 205 N2 mice were used to map the Mesol locus using a mouse Mesolspecific 3'-end probe (described below) essentially as described (5, 19) . A description of the probes and restriction fragment length polymorphisms for the loci linked to Mesol, including paired box homeotic gene 1 (Paxl), hematopoietic cell kinase (Hck), and agouti (a), has been reported (6) . Recombination distances were calculated using the computer program SPRE-TUS MADNESS.
In Situ Hybridization and Southern and Northern Analyses.
All in situ hybridizations and Southern and Northern analyses were performed using a 270-bp mouse Mesol-specific 3' end probe generated by PCR using the oligonucleotide primers MAB139, 5'-CTGAACTTTCTGCCTTGTCC, and MAB140, 5'-GCAGCTGCTTGAAAGTGAGG. The resultant PCR product was subcloned into the Sma I site of pBS(KS+) and sequenced. Swiss-Webster mouse embryos were collected at various stages of gestation and were processed for sectioning as described (7) . In some cases, "hybrid-ready" NIH Swiss mouse embryo sections were purchased from Novagen. 35S-radiolabeled antisense probes of mouse Mesol and mouse myf-5 [kindly provided by A. Buonanno, National Institutes of Health, Bethesda (8)] were generated and used for in situ Abbreviations: bHLH, basic-helix-loop-helix; E, embryonic day. hybridization as described (7) . Whole-mount in situ hybridization of Swiss-Webster mouse embryos was performed utilizing digoxigenin-labeled riboprobes essentially as described (9 (15) and Lyl-1 (16) . Notably, Mesol does not contain the alanine-threonine pair, critical for activation of myogenesis, that is conserved in the basic region of all members of the MyoDl family (17) .
As is the case for MyoDl (18) This interspecific backcross mapping panel has been typed for >1600 loci that are well distributed among all autosomes as well as the X chromosome (19) . The mapping results (Fig. 2) indicated that Mesol is located in the distal region of mouse A chromosome 2 and is linked to Paxl, Hck, and a. The ratios of the total number of mice exhibiting recombinant chromosomes to the total number of mice analyzed for each pair of loci and the most likely gene order are centromere-Paxl (5/179)-Mesol (5/161)-Hck (4/172)-a. The recombination frequencies, expressed as genetic distances in centimorgans ± the standard error, are Paxl (2.8 ± 1.2)-Mesol (3.1 ± 1.4)-Hck (2.3 ± 1.2)-a. The distal region of mouse chromosome 2 shares a region of homology with human chromosome 20 (summarized in Fig. 2 ). In particular, Paxl has been placed on human 20pl1.2 and Hck has been placed on 20ql 1-q12. The placement of Mesol between Paxl and Hck in the mouse suggests that Mesol will reside on human chromosome 20 as well.
Mesol Is Expressed in Adult Mouse Heart and Skeletal Muscle. Expression of Mesol in various adult BALB/c mouse tissues was analyzed by Northern blot hybridization (Fig. 3) . Mesol-specific mRNA was detected only in adult mouse heart and skeletal muscle. No Mesol-specific signal was observed above background in poly(A)+ mRNA isolated from adult mouse brain, spleen, lung, liver, kidney, or testes. A weakly hybridizing RNA of -4.3 kb in length also was observed, possibly indicating either the presence of an unprocessed Mesol transcript or the expression of an mRNA encoded by a Mesol-related gene.
Mesol Is Expressed in the Paraxial Mesoderm of the Head and Trunk No Mesol RNA was detectable in the mouse embryo at embryonic day 6.5 (E6.5) (data not shown), but it was detected in a subpopulation of paraxial mesoderm cells located in the prospective head region at E7. 5 ..i .1 t pression is restricted exclusively to the paraxial mesoderm; no expression was observed in axial mesoderm, endoderm, or neuroectoderm or in the primitive streak (Figs. 4A and SA and data not shown). By E8.25 Mesol RNA shows a sharp anterior boundary of expression in the unsegmented paraxial mesoderm of the head. This boundary is located caudal of the preotic sulcus (midbrain-hindbrain junction), in a region underlying the junction of the metencephalon and the myelencephalon, the two subdivisions of the hindbrain (Fig. 4B) . These data provide clear molecular evidence for the anteroposterior regionalization of the head mesoderm in the mouse embryo, even in the absence of overt segmentation. Mesol expression in head mesoderm is transient and is no longer detectable by E8.75 (Fig. 4C) .
During the period between E7.5 and E9.5, the only tissue in which Mesol RNA was detected other than the head mesenchyme (as described above) was the paraxial mesoderm of the trunk. Specifically, Mesol RNA was detected in cells at the rostral end of the presomitic mesoderm (segmental plate), immediately prior to their condensation into somites, and also in all cells of the undifferentiated epithelial somite (Figs. 4 B-D and SB). Taken together, these data suggest possible roles for Mesol in the regional specification of paraxial mesoderm in the head and in the formation and differentiation of paraxial (presomitic) mesoderm along the rest of the body axis. That Express myf-S. Expression of myf-5, the first member of the MyoDI family of bHLH genes to be expressed in the myogenic cell lineage in the mouse, is detected prior to overt myogenesis (20) . Analysis of serial sections of maturing mouse somites with probes specific for Mesol and myf-5 RNA revealed that their patterns of expression are complementary (Fig. SC) . Whereas Mesol-specific hybridization remains readily detectable in the somitic dermatome and sclerotome, the level of Mesol RNA in the myotome is significantly reduced. In contrast, myf-S RNA is detectable in a domain whose boundaries coincide with the boundaries of the developing somitic myotomal compartment.
Later in development, from E10.5 to E16.5, other sites of Mesol expression were detected by in situ hybridization. For example, at E10.5-E12.5, lateral mesoderm appeared to be weakly positive for Mesol expression. Mesenchymal cells surrounding the otocysts and nasal epithelia, as well as cells in the pancreatic and kidney primordia, also appeared to be weakly positive (data not shown).
DISCUSSION
In the mouse, it is thought that as cells pass through the primitive streak they are specified to become different types of mesoderm [dorsal (notochord), paraxial, lateral, or ventral] (21, 22 (25) .
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